oscillations.
To connect the oscillation phenomenology with mass differences of the neutrinos, we discuss possible neutrino mass patterns in a general form including the Dirac mass and the Majorana mass, when there are both leftand right-handed neutrinos.
Then we extract four extreme and interesting cases of the mass patterns. We connect these mass patterns with the W-S model, the grand unification models such as SU(5), SO(10) 
These oscillations conserve the lepton number but break the family numbers, whereas the second type of oscillation7 is between the neutrino and the antineutrino with the same helicity
These oscillations change the lepton number by AL = +2. We shall refer to the type II as the "neutrino-antineutrino oscillations" and the type I "neutrino-neutrino oscillations."
II. NEUTRINO OSCILLATIONS IN GENERAL4p8
The left-handed neutrinos have the SU(2) xU(1) weak gauge interactions g which can be shown by putting the neutrinos in doublets: 
VlglvS> e (6) i,B Nu+B(x,E) = Jt+Atl<vglYu(tl)>jZdtf t = 1 vai v& Vj8 vtj cos * x i,j (7) where At is the time resolution of the detector, and we have assumed that
At is large enough so that Ei and Ej have to be almost the same, Ei=Ej =E.
means the transition probability of a neutrino v c1 with energy E at x = 0 to be a neutrino v 6 at x. We notice that c Na+6
This is the expression of the conservation of the flux of probability.
In (12) where A(x/2E) is the uncertainty of the measurement of x/2E, which is caused mainly by the size of the source and the uncertainty of-the energy measurement. If this condition is not satisfied, i.e., the Am2 is too -7-big for given x and E, the oscillation part will be wiped out and the flux becomes a constant relative to the mixing angles as follows N u,,(x,E) = ~~~~~~~~~~~~~ = const. i (13) and the diagonal transition probability has a low bound 14) where N is the number of the species of neutrinos. (10) is wiped out, then the flux of the neutral current becomes a constant and has a low bound
Of course, if the oscillation part of the flux is wiped out, we will not be able to get any information about the mass of neutrinos from the flux measurement, except a low bound of mass if we know the intensity and the size of the source beforehand.
(2) The relative mixing is not too small as the oscillation terms escape from the sensitivity of the detector. By increasing the statistics of the experiment, we can measure smaller and smaller mixing angles. We cannot see oscillations but mixing angles (or the K-M matrixlO) in the quark case because the mass differences are too big here and the condition of Eq. (12) is not satisfied.
In How can v-v' system have two masses? Suppose v and vc are Dirac
and (18) where Cc and P are charge conjugation and space inverse operator, respectively.
We take normal definition of these operators as follows c $ c-l =cTT,
and
-9-also the definition of chirality states as follows
v L = 3 v?(l T y5>yo R We notice that at the limit m -+ 0, a particle with left-handed chirality vL has left-handed helicity whereas an antiparticle with left-handed chirality (v,)' has right-handed helicity.
We have the most general mass terms of one-family neutrinos in the Lagrangian as follows
Here as a convention we call the term u the Dirac mass and the terms b (25) is the mass matrix. (26) If @= 0, the mass term Eq. (22) becomes m X x +m+T+x+ --- (27) 
where
If there are three families of neutrinos, our mass matrix will be a 
The mass spectrum is shown in Fig. 2c . According to Eq. (7), we have
Because the right-handed neutrino escapes from our detection, we do not write it here.
Going back to the three family case, choosing spectrum A< << Amfj for any i#j and any k is the characteristic of the spectrum in Fig. 2d 
Will nature repeat the same trick that happened in the spectrum of an atom, then in the spectrum of the nuclei? We do not know. In such a model, the Dirac mass of the neutrino is given at one loop level in Fig. 4a and is nearly equal (42) where mB is the mass of the right-handed w-boson. The Majorana mass of the neutrino is given at two loop level in Fig. 4b , which is extremely small 2 2
Amv -g (43) where M is the mass scale of grand unification or the mass of the rela- (46) e+(TT T)
The next generations are some exitation of the first generation. Both of these models give very interesting results in a very simple way.
For instance, in the Harari model the proton decay is just a rearrangement of the constituents
Although these models suffer from some difficulties (e.g., the Harari model has a statistical problem), the constituent models are attractive and interesting both from the viewpoint of physics and philosophy. If we take them seriously, and go ahead as far as possible, we would say that all these models16-18 give neutrinos mass pattern d) in Section III, probably like what is shown in Fig. 2d with fine structures. 
